Introduction
============

Heart failure (HF) treatment has remarkably improved over the past 2 decades, but the rate of rehospitalization remains high worldwide, including in Japan,[@b1-ppa-10-171] leading to a considerable burden on the health care system and impairing patients' quality of life. Approximately half of the readmissions for HF are considered to be potentially preventable with adequate self-care and appropriate support.[@b2-ppa-10-171] Although the optimal model of HF management programs is still under debate,[@b3-ppa-10-171] a multidisciplinary HF management program successfully reduces morbidity and mortality in HF patients.[@b4-ppa-10-171] The effects of multidisciplinary HF programs have widely been reported in Western countries,[@b3-ppa-10-171],[@b5-ppa-10-171] but there have been no such programs in Japan so far.

One may argue that with the increasing number of meta-analyses and Cochrane reviews with regard to HF management,[@b6-ppa-10-171],[@b7-ppa-10-171] the time for small trials has passed. However, it should be acknowledged that due to different health care systems, the education of health care professionals, and cultural issues, it is important to test the applicability of programs in non-Western countries. Specifically for Japan, a hospital-based program seems to be the most feasible at present. It is difficult for nurses to provide education for HF patients at an outpatient clinic as Japanese hospitals cannot get reimbursement for this service.[@b8-ppa-10-171] Most HF patients are regularly followed up by their cardiologist or attending physicians under universal health coverage in Japan. Therefore, a multidisciplinary hospital-based program aimed at improving patient self-care seems to be a realistic model to improve patient outcomes in Japan.

HF management programs that focused on enhancing HF self-care of patients are shown to be effective in reducing hospitalizations due to HF.[@b4-ppa-10-171] An important determinant of self-care adherence is knowledge about HF.[@b9-ppa-10-171],[@b10-ppa-10-171] HF patients may have several misunderstandings about HF, which can lead to poor adherence to HF self-care and to the deterioration of HF.[@b11-ppa-10-171],[@b12-ppa-10-171] There have been a few studies that have investigated the effects of an HF program on both disease-specific knowledge and hospitalization due to HF.[@b13-ppa-10-171],[@b14-ppa-10-171]

The purpose of the present study was to develop an HF self-care program for Japanese patients delivered by a multidisciplinary team before hospital discharge and to evaluate the impact of the program on HF self-care behavior, HF knowledge, and hospitalization for worsening HF. We have also reported lessons learnt from this randomized controlled pilot study.

Methods
=======

Study design
------------

This was a single-center, exploratory, randomized controlled pilot study conducted among Japanese patients with HF. Patients were randomized in a 1:1 ratio into a usual care or intervention group and followed up for 2 years. The protocol was approved by the Institutional Review Board on Human Research at the University of Tokyo (No 2145) and registered in the UMIN Clinical Trial Registry system (UMIN000001715, February 18, 2009). All patients provided written informed consent.

Study patients
--------------

Eligible patients were older than 20 years, hospitalized with a primary diagnosis of systolic or diastolic HF. Exclusion criteria were as follows: 1) stage D HF, owing to the low likelihood of benefit from behavioral treatment; 2) New York Heart Association (NYHA) functional class I because the new HF program targeted patients with HF symptoms; 3) uncertain 12-month prognosis; 4) severe medical or psychiatric comorbid condition; 5) logistical barriers (eg, non-speaking, non-reading Japanese); 6) physician refusal; and 7) patient refusal.

Procedure
---------

Patients were recruited between 2009 and 2010 in a university hospital at Tokyo. Because this was a pilot study, we set a recruitment period of a year and a follow-up of 2 years. Patients were recruited by four research nurses through inpatient screening. After the baseline examination, one of the research nurses contacted the randomization service office and was sent the treatment assignment. Stratified blocked randomization with regard to age and NYHA class was performed. The patients were blinded to the allocation. A nurse collected data as a researcher. The nurse who collected the data and the nurses who visited patients for the intervention were never the same. Data were collected at baseline and questionnaires were sent at 1 and 6 months after discharge.

HF self-care program
--------------------

We developed a multidisciplinary HF management program aimed at improving HF self-care on the basis of the findings from prior studies.[@b4-ppa-10-171] All patients received systematic and planned face-to-face education and counseling from a dietician, a pharmacist, and nurses. The nurses provided the HF education with previously developed materials.[@b15-ppa-10-171] The total time required to provide education was 68±32 minutes.[@b15-ppa-10-171] In order to standardize this program, nurse educators were trained through role-play before starting the study. The multidisciplinary team shared a checklist for evaluating the progress of this HF self-care program. Educational topics ([Figure 1](#f1-ppa-10-171){ref-type="fig"}) included an overview of HF (eg, cardiac function, signs and symptoms, and factors precipitating HF), examination and treatment of HF, self-monitoring (eg, daily weighing), and lifestyle (eg, sodium and fluid intake and physical activity).[@b16-ppa-10-171] Teaching began with the topic that the patient was most interested in. Inspired by the Health Belief Model,[@b17-ppa-10-171] information was provided on why the patient was at risk and how the recommended changes could improve the patient's condition or reduce the risk. To enhance problem-solving skills for recognizing symptom and seeking help, we used a leaflet describing the health care--seeking behavior in three stages: 1) immediately, 2) as soon as possible (within \~1 week), and 3) upon the next visit to a physician.[@b15-ppa-10-171] A pharmacist provided education about medication (dosing, effects of drug, and side effects) and a dietician provided education and counseling with regard to the rationale of salt restriction and how to select and prepare low-salt food.

All patients assigned to the usual care (control group) received standard care and were not provided with structured patient education; however, depending on the individual nurse or physician, the patient received information in writing or orally about medication and lifestyle.

Primary outcome
---------------

The primary outcome was HF self-care behavior, which was assessed by the Japanese version of the European Heart Failure Self-Care Behavior Scale (EHFScBS).[@b18-ppa-10-171],[@b19-ppa-10-171] This is a 12-item self-administered questionnaire that comprises information on the self-care behavior of HF patients such as daily weighing, fluid restriction, low-salt diet, and medication as well as contacting health care providers on experiencing increased weight gain. For each item, patients rate their self-care behavior on a five-point scale from 1 ("I completely agree") to 5 ("I do not agree at all"). The total score can range from 12 to 60, and a higher score indicates poorer self-care behavior. The validity and reliability of the Japanese scale have been confirmed.[@b18-ppa-10-171]

Secondary outcomes
------------------

Secondary outcomes were the following: 1) HF knowledge and 2) time to the first HF hospitalization and/or cardiac death. Hospitalization for HF was defined as admission with symptoms or signs of worsening HF. The information on clinical outcomes was collected from medical records and health insurance claims.

Knowledge about HF was assessed using a 15-item Japanese HF knowledge scale, the validity and reliability of which has been confirmed.[@b20-ppa-10-171] The scale evaluates the knowledge of patients regarding HF symptoms, HF-related treatment, and self-care. Scores for each item were summed, giving a range of total scores from 0 to 15. Higher scores indicate greater knowledge about HF.

Other measures
--------------

The following characteristics of the subjects were recorded: sex, age, marital status, living status, employment, etiology of HF, prior hospitalization for HF, plasma levels of B-type natriuretic peptide, left ventricular ejection fraction, NYHA functional class, comorbidity such as diabetes mellitus and chronic kidney disease (defined as estimated glomerular filtration rate of \<60 mL/min/1.73 m^2^) calculated using the Japanese formula, and medication. These data were collected from the medical records of patients.

Sample size
-----------

Sample size was based on the assumption that the HF program would produce a 17-point reduction in the EHFScBS score 1 month after discharge.[@b21-ppa-10-171],[@b22-ppa-10-171] We assumed that the scores at baseline and at 1 month would be 37 and 20 in the intervention program and 37 and 30 in the usual care group, respectively.[@b21-ppa-10-171],[@b22-ppa-10-171] Assuming a two-sided α of 0.05% and 80% power, this led to a sample size of 28 patients eventually distributed between the two treatment groups. The percentage of patients who dropped out of the study was assumed to be 20%; thus, we considered that we needed a total of at least 34 patients in the study.

Statistical analysis
--------------------

Categorical data were presented as frequencies and percentages, and continuous variables were with a normal distribution of the mean and standard deviation. Characteristics of patients were compared using Student's *t*-test or the Mann--Whitney *U*-test for continuous variables, and the chi-square test or Fisher's exact test was used for categorical variables, as appropriate. With respect to B-type natriuretic peptide, we first performed a logarithmic transformation and then analyzed the data using parametric methods.

Linear mixed model was conducted to examine the relationship between groups and changes in the EHFScBS score and the HF knowledge score over 6 months. Fixed effects were groups (intervention vs usual care), time (baseline, 1 and 6 months), and the group-by-time interaction. Unpaired *t*-test was also used to compare these scores between the intervention and usual care groups at each point. To evaluate the differences in these scores within the groups before and after, we used a paired *t*-test for the total score and Wilcoxon signed-rank test for the item score. To examine the effects on the endpoint of HF hospitalization and/or cardiac death, Kaplan--Meier survival curve analysis with log-rank test and Cox proportional-hazard model were used. All analyses for these comparisons between the intervention and usual care groups were conducted according to the originally assigned groups.

The number of missing data for items was estimated with the average score for valid items in the questionnaire. When the missing data accounted for more than 30% of the questionnaire, we excluded it from the analysis. All statistical tests were two-tailed, and statistical significance was defined as *P*\<0.05. All analyses were performed with SAS version 9.3 (SAS Institute Inc., Cary, NC, USA).

Results
=======

[Figure 2](#f2-ppa-10-171){ref-type="fig"} presents the trial profile. Of the 43 patients who were screened, 38 patients were enrolled in the study. [Table 1](#t1-ppa-10-171){ref-type="table"} shows the baseline characteristics of patients. The mean age was 63 years, 31% were female, 44% had ischemic etiology, 47% were newly diagnosed with HF and did not have a history of HF hospitalizations, and 66% had HF with reduced left ventricular ejection fraction. With regard to comorbidity, 41% and 69% had diabetes mellitus and chronic kidney disease, respectively. Approximately 90% and 80% of the patients were treated with angiotensin-converting-enzyme inhibitors and/or angiotensin II receptor blockers, and β-blocker. There were no significant differences in patient characteristics between both the intervention and usual care groups.

HF self-care
------------

Mean scores of the EHFScBS decreased over time in both the intervention and usual care groups (*F*=5.29, *P*\<0.01), demonstrating an improvement in HF self-care. Compared with baseline, the EHFScBS score at 1 month after discharge significantly improved in both the intervention (mean ± standard deviation \[SD\], 36.2±7.7 to 30.1±9.5; *P*=0.04) and usual care groups (36.6±9.5 to 28.5±9.6; *P*=0.01; [Figure 3](#f3-ppa-10-171){ref-type="fig"}). However, there were no significant differences of changes in the EHFScBS scores between the two groups over 6 months (a group-by-time interaction, *F*=0.44, *P*=0.65).

With regard to the individual items ([Table 2](#t2-ppa-10-171){ref-type="table"}), we found that adhering to daily weighing (item 1) and consuming a low-salt diet (item 9) were significantly improved at 1 month in the intervention group compared with baseline. The improvement on a low-salt diet was also significant at 6 months (item 9). There were no significant differences in changes of scores between the two groups.

HF knowledge
------------

At baseline, the knowledge score in the intervention group was likely to be higher than in the usual care group (mean ± SD; 10.6±3.2 vs 8.1±3.6; *P*=0.06; [Figure 4](#f4-ppa-10-171){ref-type="fig"}). Mean scores on the knowledge scale increased over time in both groups (*F*=5.23, *P*\<0.01). There was likely to be a group- by-time effect (*F*=2.47, *P*=0.098), demonstrating that the intervention group tended to improve HF knowledge more than the usual care group over 6 months. The knowledge score in the intervention group was significantly higher than that in the usual care group at 1 month after discharge (13.1±1.7 vs 8.7±4.8; *P*=0.03). However, at 6 months, the knowledge score between the groups did not differ significantly (11.5±2.0 vs 9.7±2.6, *P*=0.10). [Table 3](#t3-ppa-10-171){ref-type="table"} shows the impacts of the HF program at each time. Compared with the usual care group, the change in scores at 1 month for sodium (item 8) was significantly greater in the intervention group.

Hospitalization for HF/cardiac death
------------------------------------

Of the 32 patients, three patients were excluded from the analysis of clinical outcomes because they were followed up in other hospitals; therefore, we could not collect the medical data. During the median follow-up of 2 years (interquartile range: 0.6--2.0), two patients (14%) in the intervention group and seven patients (48%) in the usual care group were hospitalized for worsening HF. During the hospitalization, one patient in the usual care group died from HF. With regarding to all-cause death, one patient in the usual care group died from cancer. There was a significant benefit of the HF program on time to the first HF hospitalization/cardiac death ([Figure 5](#f5-ppa-10-171){ref-type="fig"}; *P*=0.04). Cox regression analysis showed that the HF program was likely to reduce HF hospitalization/cardiac death (hazard ratio, 0.23; 95% confidence interval, 0.05--1.09; *P*=0.06). After the adjustment of age, sex, and log B-type natriuretic peptide, the program was still associated with a reduction in cardiac events (hazard ratio, 0.17; 95% confidence interval, 0.03--0.90; *P*=0.04).

Discussion
==========

In the present study, we developed a HF self-care program for Japanese patients delivered by a multidisciplinary team prior to hospital discharge. The new program did not impact on overall HF self-care that was the primary outcome, but one specific behavior regarding a low-salt diet improved, compared with baseline. Moreover, the new program tended to improve patient's HF knowledge over 6 months. Patients in the intervention group had better HF knowledge shortly after discharge. However, the superiority in knowledge in the intervention group faded out at the sixth month. A marginal significance in HF hospitalization/cardiac death in the intervention group was observed. In view of these results, impacts of the new HF self-care program would be limited. However, these drawbacks could provide a direction for future trials. We discuss here lessons learnt from this randomized controlled pilot study.

There were no differences in HF self-care behavior, despite observing a trend of improvement in HF knowledge in the intervention group compared with the usual care group over 6 months. These results confirm that merely increasing HF knowledge of patients does not always contribute to a change in their behavior. This may be attributable to the fact that our HF program puts a little more emphasis on increasing HF knowledge than on developing the skills that support self-care in unique situations.[@b23-ppa-10-171] Further improvement focused on self-care skills in changing behavior (such as how to develop an exercise plan) is necessary.[@b24-ppa-10-171]

Our results confirm the need for continuous self-care support.[@b6-ppa-10-171] HF patients in both groups improved their self-care behavior at 1 month after discharge, but these beneficial effects decreased at 6 months after discharge. Although our study patients were followed up every 1--2 months by cardiologists or attending physicians, more structured attention to self-care over a longer period in an outpatient clinic may be needed for our patients. HF patients sometimes face difficulty in incorporating self-care behavior into their daily lives after discharge. It may be difficult to provide enough education about self-care skills during their hospitalization alone. In addition, education needs to be repetitive and reinforced regularly to promote patient self-care competence and confidence. Since Japanese hospitals cannot receive reimbursement for nurse-led education and counseling for HF patients at outpatient clinics, this would be difficult for nurses to put in practice. These findings emphasize the need for modifying our Japanese health care system. Postdischarge support by HF nurses may be effective in Japan, as in Western countries.[@b4-ppa-10-171],[@b6-ppa-10-171],[@b25-ppa-10-171]

Interestingly, we observed a beneficial effect on sodium-related knowledge and self-care behavior in the intervention group. Such a behavioral change is very important especially in Japan because the average salt intake of Japanese adults is relatively high (10.2 g/day, 4,017 mg sodium) compared with Western people (eg, Americans consume 8.2 g/day, 3,400 mg sodium),[@b26-ppa-10-171],[@b27-ppa-10-171] and adherence to a low-salt diet was not sufficient in Japan.[@b22-ppa-10-171],[@b28-ppa-10-171] Non-adherence to salt and water restriction were the leading causes of rehospitalization in Japanese patients with HF,[@b29-ppa-10-171] which may explain one of the potential reasons for the reduction of HF hospitalization and/or cardiac death in this study.[@b30-ppa-10-171] A study revealed that the frequency of delivering self-care education with regard to a low-salt diet was low (48%) among hospital's nurses.[@b31-ppa-10-171] Participation of a dietician in the HF multidisciplinary education is recommended by the HF guidelines;[@b16-ppa-10-171] however, in real-world clinical practice, dietician involvement is often limited to patients with nutritional problems such as obesity, diabetes, or renal disease. In our study, all patients in the intervention group received dietary education by a dietician as well as by nurses. In a prior study, nurse-delivered education was not related to the dietary sodium knowledge score,[@b13-ppa-10-171] whereas dietician education improved adherence to a sodium-restricted diet in a randomized trial.[@b32-ppa-10-171] These results may indicate the benefits of education and counseling delivered by dieticians.

Consistent with earlier studies,[@b33-ppa-10-171],[@b34-ppa-10-171] the new HF program prior to hospital discharge was likely to reduce the rate of HF hospitalization and/or cardiac death. The benefits of the program may be attributable to increased HF knowledge as well as behavior change with regard to a low-salt diet as described earlier. Several studies have also reported that the enhancement of knowledge is related to a reduced risk of hospitalization.[@b13-ppa-10-171],[@b14-ppa-10-171] Increased knowledge does not always guarantee good adherence to self-care behavior as seen in our study; however, HF knowledge is vital for better outcomes as shown in previous studies.[@b12-ppa-10-171],[@b13-ppa-10-171] In fact, hospitalization for worsening HF is sometimes caused by inadequate patient knowledge about diet, medication, and HF symptoms.[@b12-ppa-10-171],[@b35-ppa-10-171]

On the one hand, the improvement of HF knowledge was short term and did not last long in the present study. One may argue that this transient improvement of HF knowledge could really lead to the reduction of HF hospitalization/cardiac death in this study. A recent Japanese study has suggested that an intensive education in the hospital reduced HF hospitalizations and mortality among Japanese HF patients.[@b36-ppa-10-171] Most of the rehospitalization occurs immediately after discharge,[@b37-ppa-10-171] and a high prevalence of cardiac events within 6 months was also found in the present study. Although the effect of the educational program in the hospital is limited, it is likely to be effective for preventing at least early rehospitalization after discharge.

Implications for research and lessons learnt for a Japanese setting
-------------------------------------------------------------------

The new HF program was likely to increase patients' HF knowledge and change their behavior with regard to a low-salt diet and it is likely to reduce hospitalization for HF. This simple education program would be easy to apply in other medical institutions. On the other hand, some parts of this program should be changed on the basis of what we have learnt from this pilot study. In particular, the program should be modified to focus on self-care skills so that patients can turn their knowledge into actions. Although HF patients are regularly followed up by their physicians, our findings suggest an additional need for continuous self-care support. Further research is necessary to examine the impacts of a HF program that is combined with self-care support after discharge in a Japanese setting.

Study limitations
-----------------

One of the major limitations of this study was the small sample size. First, although we referred to a prior study by Lupon[@b21-ppa-10-171] to calculate sample size, the effect size may be relatively larger. The interpretation of the results should be conservative. Second, the intervention was conducted in a single hospital. However, the relative simplicity of our HF self-care program should make it easily applicable to a broad spectrum of patients with HF. Third, we evaluated the impacts of the program on HF self-care behavior only at 1 and 6 months. The long-term effect of the program on HF self-care behavior at 12 months remains unknown. To overcome these limitations and confirm the generalizability of results in the present study, a large multicenter study with long-term follow-up is necessary in the future.

Conclusion
==========

We developed an HF self-care program for Japanese patients delivered by a multidisciplinary team before hospital discharge. The HF program is likely to improve patients' HF knowledge, change their behavior with regard to a low-salt diet, and reduce rehospitalization for worsening HF and/or cardiac death. However, there was no significant difference in the overall HF self-care assessed by the total EHFScBS score between the intervention group and the usual care group. Future improvements of this program are necessary, focused on facilitating the development of self-care skills. Further research is needed to develop a combination program of this program and postdischarge support.
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![Educational topics in the program.\
**Abbreviations:** HF, heart failure; BNP, B-type natriuretic peptide; ACEI, angiotensin-converting-enzyme inhibitor.](ppa-10-171Fig1){#f1-ppa-10-171}

![Flowchart of study patients.\
**Note:** Non-response patients did not send back the questionnaire even after 30 days since the day of the survey.\
**Abbreviation:** HF, heart failure.](ppa-10-171Fig2){#f2-ppa-10-171}

![Impacts of the program on heart failure (HF) self-care behavior.\
**Notes:** Data represent mean of the EHFScBS score and error bars represent standard errors of the mean (SEM). Higher score indicates poorer HF self-care (range: 12--60). Follow-up time (*F*=5.29, *P*\<0.01), group (*F*=0.05, *P*=0.83), and a group-by-time interaction (*F*=0.44, *P*=0.65) by the linear mixed model. ^\#^*P*\<0.05 by paired *t*-test (vs baseline).\
**Abbreviation:** EHFScBS, European Heart Failure Self-Care Behavior Scale.](ppa-10-171Fig3){#f3-ppa-10-171}

![Impacts of the program on heart failure knowledge.\
**Notes:** Data represents mean of the heart failure knowledge score and error bars represent standard errors of the mean (SEM). Higher score indicates greater knowledge about heart failure (range: 0--15). Follow-up time (*F*=5.23, *P*\<0.01), group (*F*=6.89, *P*=0.01), and a group-by-time interaction (*F*=2.47, *P*=0.098) by the linear mixed model. ^\#^*P*\<0.05 by unpaired *t*-test (the intervention group vs the usual care group); ^\*^*P*\<0.05 by paired *t*-test (vs baseline).](ppa-10-171Fig4){#f4-ppa-10-171}

![Impacts of the program on heart failure hospitalization and/or cardiac death.](ppa-10-171Fig5){#f5-ppa-10-171}

###### 

Characteristics of study patients at baseline

  Characteristics                       Total (n=32)     Program (n=15)   Usual care (n=17)   *P*-value
  ------------------------------------- ---------------- ---------------- ------------------- -----------
  **Demographic characteristics**                                                             
  Sex, female                           10 (31%)         3 (20%)          7 (41%)             0.27
  Age, years                            63±14            64±15            65±17               0.84
  Marital status                                                                              0.11
   Single                               6 (19%)          2 (13%)          4 (24%)             --
   Married                              17 (53%)         11 (73%)         6 (35%)             --
   Widowed/divorced                     9 (28%)          2 (13%)          7 (41%)             --
  Education, ≤12 years                  17 (53%)         7 (47%)          10 (59%)            0.49
  Employment, employed                  15 (47%)         7 (47%)          8 (47%)             1.00
  Living alone                          14 (44%)         5 (33%)          9 (53%)             1.00
  **Cardiac parameters at discharge**                                                         
  Ischemic etiology                     14 (44%)         6 (40%)          8 (47%)             0.98
  Prior hospitalization for HF          15 (47%)         7 (47%)          8 (47%)             0.98
  NYHA functional class, II             9 (28%)          4 (27%)          5 (29%)             0.43
  BNP, pg/mL, median (Q1--Q3)           238 (146--534)   190 (131--396)   248 (183--629)      0.62
  LVEF \<50%                            21 (66%)         9 (60%)          12 (71%)            0.53
  Diabetes mellitus                     13 (41%)         6 (40%)          7 (41%)             0.95
  Chronic kidney disease                22 (69%)         10 (67%)         12 (71%)            1.00
  **Medical therapy**                                                                         
  β-blocker                             26 (81%)         13 (87%)         13 (76%)            0.66
  ACEI and/or ARB                       29 (91%)         14 (93%)         15 (88%)            1.00
  Aldosterone blocker                   20 (63%)         8 (53%)          12 (71%)            0.47
  Diuretics                             25 (78%)         10 (67%)         15 (88%)            0.14
  **Self-care-related outcomes**                                                              
  EHFScBS score                         36.4±8.4         36.2±7.6         36.6±9.5            0.90
  HF knowledge score                    9.4±3.6          10.6±3.2         8.1±3.6             0.06

**Notes:** Chronic kidney disease was defined as estimated glomerular filtration rate \<60. Values are n (%), or mean ± SD.

**Abbreviations:** HF, heart failure; BNP, B-type natriuretic peptide; LVEF, left ventricular ejection fraction; NYHA, New York Heart Association; ACEI, angiotensin-converting-enzyme inhibitor; ARB, angiotensin II receptor blocker; SD, standard deviation; EHFScBS, European Heart Failure Self-care Behavior Scale.

###### 

Impacts of the program on heart failure self-care behavior

  Heart failure self-care behavior                                                              Heart failure self-care scores   Changes of scores from baseline   A group-by-time interaction                                                                                                                                                       
  --------------------------------------------------------------------------------------------- -------------------------------- --------------------------------- ----------------------------- ------------------------------------------------------- ---------- ------ ------------------------------------------------------- ---------- ------ ------
  1 I weigh myself every day                                                                    2.3±1.6                          3.1±1.6                           0.21                          −1.1±0.4[\*\*](#tfn5-ppa-10-171){ref-type="table-fn"}   −1.7±0.7   0.41   −0.3±0.4                                                −0.6±0.5   0.74   0.86
  2 If I am short of breath, I take it easy                                                     2.2±1.2                          2.0±1.1                           0.63                          −0.2±0.5                                                −0.2±0.6   0.93   −0.1±0.3                                                −0.2±0.7   0.88   0.92
  3 If my shortness of breath increases, I contact a hospital, my doctor, or nurse              3.1±1.6                          3.4±1.8                           0.66                          0.2±0.5                                                 −1.3±0.6   0.11   −0.6±0.8                                                −0.6±0.9   1.00   0.53
  4 If my feet/legs become more swollen than usual, I contact a hospital, my doctor, or nurse   3.8±1.3                          3.9±1.4                           0.89                          −0.2±0.5                                                −1.1±0.8   0.28   −0.8±0.5                                                0.0±0.7    0.38   0.29
  5 If I gain 2 kg in 1 week, I contact a hospital, my doctor, or nurse                         4.1±1.0                          4.1±1.5                           0.88                          −1.0±0.7                                                −1.1±0.6   0.86   −1.7±0.6                                                −0.6±0.8   0.28   0.31
  6 I limit the amount of fluids I drink (not more than 1--1.5 L/day)                           3.2±1.7                          3.2±1.8                           1.00                          −1.1±0.5                                                −1.4±0.7   0.72   −0.9±0.5                                                −1.7±0.6   0.33   0.96
  7 I take a rest during the day                                                                2.8±1.4                          2.8±1.8                           1.00                          −0.5±0.4                                                −0.8±0.7   0.69   −0.2±0.4                                                −1.1±0.7   0.25   0.39
  8 If I experience increased fatigue, I contact a hospital, my doctor, or nurse                3.8±1.3                          3.7±1.6                           0.90                          −0.1±0.5                                                0.1±0.7    0.80   −0.6±0.5                                                0.0±0.7    0.51   0.37
  9 I eat a low-salt diet                                                                       3.2±1.3                          3.2±1.4                           1.00                          −1.5±0.4[\*\*](#tfn5-ppa-10-171){ref-type="table-fn"}   −1.1±0.7   0.63   −1.9±0.5[\*\*](#tfn5-ppa-10-171){ref-type="table-fn"}   −1.3±0.7   0.53   0.75
  10 I take my medication as prescribed                                                         1.2±0.6                          1.0                               0.19                          −0.2±0.2                                                0.0        0.20   −0.2±0.2                                                0.0        0.35   0.29
  11 I get a flu shot every year                                                                3.4±2.0                          3.6±2.0                           0.78                          0.2±0.4                                                 −0.2±0.2   0.43   0.1±0.8                                                 −0.5±0.5   0.28   0.42
  12 I exercise regularly                                                                       3.1±1.3                          2.7±1.6                           0.53                          −0.5±0.2                                                −0.4±0.5   0.87   −0.7±0.3                                                −0.8±0.6   0.88   0.79

**Notes:** Higher score indicates poorer self-care behavior. The response to each item was scored between 1 (I completely agree) and 5 (I don't agree at all). Values are mean ± SD at baseline and mean ± SEM in changes of scores from baseline (a negative number indicates that the self-care behavior was improved).

Unpaired *t*-test (program vs usual care);

*P*\<0.05 by Wilcoxon signed-rank test (vs baseline);

*P*-values by linear mixed model.

**Abbreviations:** SEM, standard errors of the mean; SD, standard deviation.

###### 

Impacts of the program on heart failure (HF) knowledge

  Heart failure knowledge                                                                                     Heart failure knowledge scores   Changes of the scores from baseline   A group-by-time interaction                                                               
  ----------------------------------------------------------------------------------------------------------- -------------------------------- ------------------------------------- ----------------------------- ---------- ---------- -------- ---------- ---------- ------ ------
  1 Exchange of oxygen and carbon dioxide occurs in heart                                                     0.4±0.5                          0.3±0.5                               0.46                          −0.1±0.1   −0.3±0.2   0.14     −0.1±0.1   −0.1±0.1   0.65   0.64
  2 HF is a condition in which the heart is not able to pump blood through the body in sufficient amounts     0.9±0.4                          0.8±0.4                               0.65                          0.0±0.1    0.0        1.00     0.1±0.1    0.1±0.1    1.00   0.41
  3 Difficulty in breathing and shortness of breath are symptoms of HF                                        0.9±0.3                          0.9±0.3                               1.00                          0.1±0.1    0.0        0.42     0.0±0.1    0.0        1.00   0.79
  4 One of the symptoms when the lungs become congested with fluid is shortness of breath                     0.6±0.4                          0.5±0.2                               0.47                          0.2±0.2    0.1±0.2    0.87     0.1±0.2    0.2±0.2    0.67   0.76
  5 Some patients with severe HF become breathless when they lie flat and feel much better when they sit up   0.6±0.5                          0.3±0.5                               0.07                          0.0±0.2    0.0        1.00     0.2±0.3    0.2±0.1    0.96   0.76
  6 Short-term weight gain is one of the signs of worsening HF                                                0.6±0.5                          0.4±0.5                               0.14                          0.1±0.1    0.0±0.2    0.77     0.2±0.1    0.2±0.2    0.88   0.88
  7 Overwork and stress sometimes cause HF to get worse                                                       0.8±0.5                          0.6±0.3                               0.24                          0.2±0.1    0.1±0.2    0.84     0.0        −0.1±0.1   0.34   0.11
  8 Sodium causes water retention                                                                             0.6±0.5                          0.7±0.5                               0.71                          0.2±0.1    −0.4±0.2   \<0.01   0.3±0.2    0.1±0.2    0.51   0.36
  9 Diuretics remove fluids from the body                                                                     1.0                              0.8±0.4                               0.08                          0.0        0.0±0.7    1.00     0.0        −0.1±0.1   0.34   0.38
  10 HF patients are discouraged from taking medications without food                                         0.8±0.4                          0.3±0.5                               0.01                          0.0        0.0        --       0.1±0.1    0.0±0.2    0.65   0.66
  11 HF patients should drink more water than healthy people                                                  0.9±0.4                          0.5±0.5                               0.05                          0.0±0.1    0.2±0.2    0.34     0.0±0.1    0.3±0.2    0.17   0.15
  12 HF patients should have a high-salt diet                                                                 0.9±0.3                          0.8±0.4                               0.31                          0.0        0.0        --       0.1±0.1    0.2±0.2    0.56   0.21
  13 Smoking is good for patients with HF because it promotes the circulation of blood                        1.0                              0.8±1.4                               0.08                          0.0        −0.1±0.1   0.24     0.0        0.0±0.1    0.34   0.41
  14 HF patients should not perform exercise regardless of their severity of HF                               0.4±0.5                          0.4±0.5                               1.00                          0.4±0.1    0.0±0.2    0.15     0.3±0.2    0.4±0.8    0.56   0.59
  15 HF patients should take a hot bath to promote blood circulation                                          0.9±0.4                          0.7±0.4                               0.38                          −0.1±0.1   −0.1±0.1   0.16     0.1±0.2    0.1±0.1    1.00   0.52

**Notes:** Values are mean ± SD at baseline and mean ± SEM in changes of scores from baseline (a positive number indicates that the knowledge was improved).

Unpaired *t*-test (program vs usual care);

*P*-values by linear mixed model.

**Abbreviations:** SEM, standard errors of the mean; SD, standard deviation.
